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Objectives . This study was conducted to identify a subgroup of
patients with nonritemnalic a&kl lbrilholon with an increased
risk for cardiogenic embolism by assessing left atrial appendage
function .
Background. Patients with nom-heumalic atrial fibrillation
have an increased risk for thrombeembolic complienflons, The left
atrial appendage is the most likely source for thrombus formation .
It is likely that the appendage function (contraction, filling dy-
namics) is related to the pathogenesis of thrombus formation .
Methods . Twenty-nine patients with nonrheumatic atrial fibril-
lation (group 1) underwent biplane transesophageal echocardiog-
raphy . The maximal and minimal areas during a cardiac cycle and
the peak emptying and filling velocities of the appendage were
measured in both scan planes. For comparison, two additional
groups were also analyzed. Group 11 consisted of 12 patients with
chronic atrial fibrillation due to significant mitral stenosis, and
group III consisted of 30 patients who were in sinus rhythm .
Results . Patients with nonrlieumatic aerial fibrillation showed
two distinct appendage lion , patterns: either well defined peak
tilling and emptying waves (L-25 cm/s) with visible fibrillatory
The incidence of thromboembolic complications is high in
patients with rheumatic atrial fibrillation and there is a
long-standing consensus that this risk justifies the risk of
anticoagulant prophylaxis with warfarin (1-6) . Thromboem-
bolic complications are also seen in patients with nonrheu-
matic and lone atrial fibrillation, although with a lower
frequency, ranging from almost no risk in young patients
with lone atrial fibrillation (5,7-9) up to a 5% risk of stroke
per year in patients with nonrheumatic atrial fibrillation
(1,5,6,10) . Recently published results from five clinical
stroke prevention trials (11-15) suggest that anticoagulant
prophylaxis is beneficial in patients with nonrheumatic or
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ATRIAL FIBRILLATION
contractions of the appendage wall ("high flow profile") or
irregular, very low, peak tilling and emptying waves (<25 cm/s)
associaled with almost no visible appendage contractions ("low
flow profile") . The left atrial appendage function in the first
subgroup resembles that seen in patients with sinus rhythm,
whereas the appendage function in the latter subgroup resembles
more the "static pouch" seen in patients with rheumatic atrial
fibrillation . Events suggestive of cardiogenic embolism occurred in
six patients from group I, five of whom were in the low flow profile
subgroup (p < 0.05). The spontaneous echo contrast phenomenon
was observed in 80% of the low flow profile subgroup but in only
5% in the high flow profile subgroup (p < 0 .05). Three thrombi
confined to the left atrial appendage were detected by transesoph-
ageal echocardiography in group 1 ; all three of the patients were
in the low flow profile subgroup .
Conclusions . The assessment of left aerial apps adage function
by transesophageal echocardiography may be helpful to identify
subgroups of patients with nonrlieumaticatrial fibrilakion with an
increased risk of thrombus formation .
(J Am Coll Cardiol 1994,23 .599-607)
nonvalvular atrial fibrillation . Although statistically signifi-
cant for the total study group, the calculation of the risk/
benefit ratio may be difficult for individual patients . In fact,
various additional factors may determine the individual
embolic risk that have not been addressed by the stroke
prevention trials . These factors include echocardiographic
findings, such as left atrial size (16,17), spontaneous echo
contrast phenomenon (18-21) and the presence of significant
mitral regurgitation (17,22), that identify subgroups of pa-
tients with nonrheumatic atrial fibrillation with elevated or
reduced risk for thrombus formation and cardiogenic embo-
lism .
The purpose of the present study was to further charac-
terize a subgroup of patients with nonrheumatic atrial fibril-
lation with an elevated risk for cardiogenic embolism by
analyzing, with the use of biplane transesophageal echocar-
diography, left atrial appendage function . This variable was
chosen for analysis because the appendage is frequently on
the side of thrombus formation in patients with nonrheu-
0735-1097194/$7 .(h)
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matic atrial fibrillation (23).
For comparison, two additional
groups of patients were analyzed : one group in sinus rhythm
without additional cardiac disease and a second group with
atria'l fibrillation due to severe mitral stenosis . The first
group was considered to be a low risk group and the latter a
high risk group for cardiogenic embolism .
Methods
Patients. From June 1992 through March 1993, 59 pa-
tients with electrocardiographically documented atrial fibril-
lation underwent transesophageal echocardiography for
cardiovascular assessment for a variety reasons at our
institution. On the basis of patient charts as well as echocar-
diographic findings, 29 patients were categorized as having
nonrheumatic atrial fibrillation (group 1) . Nonrheumatic
atrial fibrillation was diagnosed when the patients met the
following criteria : absence of mitral stenosis or prosthesis,
no previous cardiac surgery, absence of severe mitral regur-
gitation and no evidence of congenital heart disease . All
patients in group I had atrial fibrillation at the time of the
echocardiographic study . For comparison, two additional
groups of patients were enrolled in this study . Group 11
consisted of 12 patients with severe mitral stenosis and
chronic atrial fibrillation, and group III consisted of 30
patients with sinus rhythm and no apparent heart disease .
The remaining 18 patients with atria[ fibrillation studied by
transesophageal echocardiography were excluded from the
study because they had previous mitral valve surgery (n =
14), severe mitral regurgitation (n = 3) or complex congenital
heart disease (n = 1) . The patients clinical characteristics
are listed in Table 1 . Acute atrial fibrillation was defined as
the first onset of atrial fibrillation within the week before the
echocardiographic examination, chronic atrial fibrillation
was defined as atrial fibrillation lasting >6 months before the
cchocarddographic examination and paroxysmal atrial fibril-
lation was defined as at least one documented episode of
atrial fibrillation within the last 6 months before the echocar-
diographic study .
All patients were studied by trans-
thoracic and transesophageal echocardiography . The
transthoracic studies were performed by standard tech-
niques with a 2.25- or 3 .5-MHz phased array transducer. The
measurements were obtained according to the standards of
the American Society of Echocardiography (24) . For trans-
esophageal echocardiography, a 5-MHz phased array bi-
plane or multiplane, transducer (Hewlett-Packard S onos 1000
or Acuson 128 Cardiovascular System) was used, the trans-
ducer being mounted at the tip of a modified gastroscope .
Patients had fasted for >_4 h before echocardiography and
received local pharyngeal anesthesia (1% lidocaine spray) as
the only premeditation . The investigations were carried out
with the patient in the supine left lateral position as de-
scribed previously (25,26), without any complications . Dur-
Table 1. Baseline Patient Characteristics
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'Proved by computed tomography . *Proved by angtography/surgery .
Values presented are number of patients or mean value ± SD. Group I =
patients with nonrheumatic atrial fibrillation ; Group II = patients with severe
mitral stenosis and chronic atrial fibrillation : Group 111 = patients with sinus
rhythm and no apparent heart disease .
ing echocardiography, a one-iiad electrocardiogram was
recorded continuously . Informed consent was obtained from
all patients .
The left atrial appendage images were obtained in both
the basal short-axis view in the transverse scan and the left
ventricular-left atrial two-chamber view in the vertical scan
during held inspiration . All images were recorded on Super
VHS videotapes. From the videotapes, two independent
observers selected three consecutive cardia%, cycles during
which the left atrial appendage was clearly visualized . Each
observer chose two frames per cardiac cycle with the
minimal (at or just after the QRS complex) and maximal (just
before the QRS complex) appendage area . These still frames
were printed out on a black and white printer . In patients
with atrial fibrillation, the maximal and minimal appendage
areas were usually not related to the QRS complex . In these
patients, the observers chose five to eight frames from each
cardiac cycle using slow motion video . The observers per-
formed planimetry of the appendage area for each frame on
the monitor screen using the integrated software of the
echocardiographic Loachine and printed out the frames with
the maximal and minimal areas for further analysis . The left
atrial appendage areas were measured on a computer-
Group I
in = 29)
Group II
(n = 12)
Group Ill
(n = 30)
Cardiac rhythm
Sinus rhythm
- -
30
Aerial fibrillation
Chronic 2) 12 -
Paroxysmal 4
Acute 4
Age (yr) 64 t 9 58 t 9 48 i- IS
Male 14 2 16
Female 5 10 14
Underlying cardiac discaw.
Mitral stenosis 0 12 0
Mitral valve area (crWl - 0,9 :t 0 .3
Mitral valve mean gradient
-
W t 2
(mm No
Mitral regurgitation
None 4 2 17
Mild 15 7 13
Moderate 10 3 0
Severe 0 0 41
Coronary artery disease Inn .) 3 0 3
Hypertension 6 1 1
Ischernic stroke* 5 2 15
Peripheral arterial embolisint 2 0 1
Current anticoagulant therapy
Warfarin 4 10 1
Aspirin 9 0 3
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Figure 1 . Visualization of the left atria) appendage
(LAA) by biplane transesophageal echocardiogra-
phy. Left, Horizontal view . Right, vertical view .
The area of the appendage was measured by tracing
a line starting from the top of the limbus of the left
upper pulmonary vein along the entire endocardial
border (dashed white line) . LA = left atrium .
assisted tablet by tracing a line starting from the top of the
limbus of the left upper pulmonary vein along the whole
appendage endocardial border (Fig . 1) as described previ-
ously (27) . The minimal and maximal appendage areas were
averaged for the three cardiac cycles . The left atrial append-
age ejection fraction was calculated as the maximal area
minus the minimal area divided by the maximal area . The left
atrial appendage blood flow velocity was obtained by placing
the pulsed Doppler sample volume into the outlet of the
appendage cavity ~: 1 cm away from the left atrial cavity . The
Doppler signals were recorded for 5 to 10 co"%er"Ove
cardiac cycles. Two independent observers analyzed the
peak filling and peak emptying velocities, and values from
five consecutive cardiac cycles were averaged .
A third independent observer evaluated the transthoracic
and transesophageal recordings for the presence or absence
of left atrial appendage thrombi, mitral stenosis or regurgi-
tation and the spontaneous echo contrast phenomenon .
Thrombotic material was defined as echo-dense masses
attached to the left atrial appendage wall or filling out the
appendage cavity with or without partial protrusion into the
left atrial cavity as described previously (28) . Mitral regur-
gitation was graded as none, mild, moderate or severe, based
on the spatial distribution and the width at the orifice of the
regurgitant flow visualized by transesophageal color Doppler
imaging according to Yoshida et al . (29) . Mitral valve area
was determined using the pressure half-time method, and the
mean pressure gradient was estimated from the maximal
recorded transvalvular flow velocity using the modified
Bernoulli equation. Spontaneous echo contrast was defined
as dynamic "smokelike" echoes swirling slowly in the left
atrium or appendage cavity as described previously (19) .
Statistics . For evaluation of the interobserver variability,
a linear regression and correlation was performed between
both measurements . The continuous variables between
groups were compared by Student t test for unpaired obser-
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vations. A chi-square test with Yates' correction for small
numbers was used to compare categoric variables. For
comparison of multiple groups (Table 2), analysis of variance
(ANOVA) was used with the Fisher protected least signifi-
cant difference for posthoc testing (STATVIEW IV). A p
value < 0.05 was considered statistically significant . Unless
otherwise noted, values are reported as mean value ± I SD .
Results
Baseline characteristics (Table 1) . The majority (72%) of
patients from group I had chronic atrial fibrillation, 14% had
paroxysmal atrial fibrillation and the remaining 14% had
experienced acute onset atria] fibrillation for the first time .
The predominant underlying cardiac diseases were moderate
mitral regurgitation in 10 patients and coronary artery dis-
ease or systemic hypertension in 9 . The remaining 10 pa-
tients had lone atrial fibrillation (that is, atrial fibrillation
without detectable cardiovascular disease) . Five patients
from group I had experienced an ischemic stroke and two
other patients had acute occlusion of a large peripheral
artery necessitating vascular surgery . The indications for the
transesophageal echocardiographic examination were fever
of unknown origin (n = 8) and, search for left atrial or left
atrial appendage thrombi before cardioversion (n = 5) or for
embolic risk stratification purposes (n = 16) . All patients
from group II had chronic atrial fibrillation due to severe
mitral stenosis . The indication for the transesophageal
echocardiographic examination was exclusion of left atrial
thrombi before percutaneous mitral valvuloplasty . The pa-
tients from group III were younger than the patients from
groups I and 11 . Fifty percent of group III patients had
experienced an unexplained ischemic stroke that was also
the main indication for echocardiography . Except in one
case, transesophageal echocardiography revealed no direct
evidence of cardiogenic embolism . Other echocardiographic
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Table 2
. Left Atrial Appendage Size and Blood Flow Velocities in the Three Patient Groups
indications in these patients were fever of unknown origin
(n = 14) and a suspected visualization of a coronary artery
fistula (n = 1) .
ILAeft atrial appendage function (Table 2). Table 2 com-
pares the left atrial appendage size and blood flow velocities
among the three groups. The measurements of the horizontal
and vertical views are given separately . In general, measure-
ments in both scanning views gave similar results. Because
of technically inadequate images, the appendage area could
not be measured in the horizontal plane in seven cases and in
the vertical plane in one case . Overall, the maximal append-
age areas were significantly larger in the patients from
groups I and 11 than in patients from group III . More striking
was the difference in the left atrial appendage ejection
fraction, which was significantly reduced in group I and II
patients. In patients with sinus rhythm (group 111), the
tMnsesophageal Doppler image revealed a biphasic flow
pattern with a fast filling and emptying peak of about 50 cm/s
(Fig. 2) . In contrast, patients with atrial fibrillation (groups I
and 11) showed either a "sawtooth" profile on the pulsed
Doppler trace or almost no flow . The left atrial appendage
peak filling and emptying velocities were significantly re-
duced in patients from groups I and II .
The left atria[ appendage flow profile in patients with
chronic atrial fibrillation and significant mitral stenosis (rheu-
matic atrial fibrillation, group II) appeared to be relatively
homogeneous, with only small and irregular flow or almost
no flow (Fig. 3). In contrast, the appendage flow profile in
patients with nonrheumatic atrial fibrillation (group I) was
heterogeneous . On the basis of flow patterns detected by
transesophageal pulsed Doppler imaging, the patients from
group I were subdivided into patients with a "multiphasic
JACC Vol. 2 .1, No . 3
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*Number of patients with missing values because of technically inadequate inves*tion, tp < 0 .05 versus group Ill . tp < 0 .05 versus group 11 . Values
presented are number of patients or mean value ± SD
. Groups as defined in Table I .
pattern" of flow with the individual peak filling and emptying
velocities reaching almost the range of those velocities
observed in patients with sinus rhythm ("high flow profile"
[2t25 cm/s,; Fig. 4) and into patients with a "low flow
profile" (<25 curls) that was similar to that observed in
patients with rheumatic atrial fibrillation (Fig . 5). Table 3
compares various baseline characteristics and the measure-
ments obtained by transesophageal echocardiography be-
tween the two subgroups of group 1 . The two subgroups
were not different with respect to the size of the left atrium
or left atrial appendage ; however, they differed significantly
with respect to the appendage ejection fraction and the peak
filling and emptying velocities (Fig . 6) . All patients with
paroxysmal or acute nonrheumatic atrial fibrillation were in
the high flow profile subgroup. Furthermore, the majority of
ischemic strokes and peripheral arterial embolic events
occurred in the subgroup of patients with the low flow profile
(6 of 10 vs . I of 19 patients, p < 0.05) .
Association of left atrial appendage function with sponta-
neous echo contrast and thrombus formation (Table 4) . The
spontaneous echo contrast phenomenon was not observed in
patients with sinus rhythm (group 111) ; however, it was
present in almost all patients from group 11 . The echo
contrast phenomenon was seen in nine patients of group 1 ;
eight of these nine patients were in the left atrial appendage
low flow profile subgroup. Despite effective anticoagulant
therapy with warfarin at the time of the echocardiographic
examination, a left atrial appendage thrombus was detected
in four patients from group 11 . Three patients from group I
showed a left atrial appendage thrombus ; all three were in
the low flow profile subgroup . In one patient with sinus
rhythm, transesophageal echocardiography also revealed a
Group I Group II Group III
Transthoracic echocardiography
Left atrial diameter (mm)
47 ± 8th 56 t 121 34 ± 6
Transesophageal echocardiography
Horizontal view of the left atria! appendage
Maximal area (cm-)
7.3±3.2t 5.9±221 15 1 . :
Ejection fraction 14.0±9.41 11.7±9.1t 402 15 .6
Missing values* 3 0
4
vertical view of the left atrial appendage
Maximal area (cm) 5.2±1 .81 4.6±2 .I 3.6±1.2
Ejts;tion fraction (%) 16.6±9.9t* 53 ± 17* 42.7± 13 .7
Missing values" 0 1 0
Transesophageal Doppler echocardiography
Horizontal view of the left atrial appendage
Peak filling velocity (emls) 32A ± 14 .6tt 10A ± 40 50A 6.1
Peak emptying velocity (cm1s) 31.6±150 10.8±4.31 07 12.7
Missing values* 6 0 9
Vertical view of the left atrial appendage
Peak filling velocity (cm/s) 30.5± 15M 11.0±4.81 552 .4± 14 .9
Peak emptying velocity (cm1s) 29.5±l50 9.9±5.61 57.8±18 .3
Missing values* 0 0 1
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Figure 2. Demonstration of the left atrial appendage (LAA) by
transesophageal echocardiography (vertical view) in a patient with
sinus rhythm. Top, The maximal (left panel, 3 .10 cm) and minimal
(right panel, 1 .44 cm) areas of the left atrial appendage cavity during
one cardiac cycle (54% area change), Bottom, Pulsed Doppler signal
measured at the outlet of the appendage . Note the biphasic flow
patterns with filling and emptying velocities >50 cm/s . LA = left
atrium .
Figure 3. Pulsed Doppler transesophageal recording of the flow
velocities at the outlet of the left atrial appendage in a patient with
chronic atrial fibrillation due to severe mitral stenosis . Note that
almost no flow is measurable in this patient .
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Figure 4 . Color-coded Doppler (top) and pulsed Doppler (bottom)
transesophageal echocardiograms of the left atrial appendage (LAA)
in a patient with lone atrial fibrillation . The pulsed Doppler sample
was placed at the outlet of the appendage . Note that there is still a
significant filling and emptying flow during the cardiac cycle, with a
recordable contraction of the left atria) appendage wall (21% change
of the left atrial cavity area) . Some of the filling and emptying waves
reaches velocities of >40 cm/s . LA = left atrium .
thrombus confined to the left atrial appendage (Fig . 7). The
left atria[ appendage function in this particular patient was
greatly reduced from that of other patients in sinus rhythm
(appendage ejection fraction 21% and peak filling and emp-
tying velocity 18 and 12 cm/s, respectively) . In group III
patients, the appendage ejection fraction and peak filling and
emptying velocities were not different between patients with
and without previous ischemic stroke (data not shown)
.
Interobserver variability of the comparison of the two
scanning planes. The measurements of the maximal left
atrial appendage area in the horizontal and vertical views
showed a reasonable correlation between both independent
observers. The variation was greater for the measurements
in the horizontal view (r = 0 .73, SE slope 0
.08) as compared
with the vertical view (r = 0 .82, SE slope 0 .07). On average,
the absolute differences between the two observers were
604
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Figure 5. Pulsed Doppler spectrum measured at the outlet of the left
atrial appendage in a patient with chronic nonrheumatic atrial
fibrillation. Note that there is near negligible flow measurable in this
patient .
0.8 ± 2.4 cm2 for the horizontal view and 0.6 ± 1 .7 cm2 for
the vertical view . Nevertheless, the calculation of the ap-
pendage ejection fraction revealed close results in both
scanning views (r = 0.85, SE slope 0 .07, p < 0.01). The
measurements of the appendage peak flow velocities be-
tween both observers revealed very close results, with a
correlation coefficient of r = 0 .94 (SE slope 0.04, p < 0.01) .
On average, the absolute difference for peak flow velocity
between the two observers was 2 .7 ± 13 cm/s . Comparison
of the appendage peak filling and emptying velocities in both
scanning planes revealed a close correlation, with r values
between 0.91 and 0.94 (SE slope 0 .08 and 0.07 . respectively) .
Discussion
The left atrial appendage is a well recognized side of
thrombus formation in patients with mitral stenosis or atrial
fibrillation (23,30,31) . It is likely that the function of the
appendage, the degree of contraction as well as filling and
emptying dynamics are related to the pathogenesis of throm-
bus formation . The present study demonstrates that patients
with nonrheumatic atria] fibrillation are a heterogeneous
group with respect to appendage function variables . One
subgroup of patients showed high flow left atrial appendage
filling and emptying patterns similar to those seen in patients
with sinus rhythm. The other subgroup showed more low
flow filling and emptying patterns similar to those seen in
patients with rheumatic atrial fibrillation ; virtually only the
patients in the low flow profile subgroup revealed the spon-
taneous echo contrast phenomenon as an indicator for
thrombus formation and thromboembolic complicatio-is .
Sinus rhythm . In patients with sinus rhythm and w, bout
detectable heart disease, we observed a rapid filling and
emptying phase of the left atrial appendage just before and
aftee the QRS complex, with peak velocities in the range of
JACC Vol. 23
. No . 3
Table 3
. Patients With Nonrheuinatic Al - 1 Fibrillation (Group 1) :
*p < 0 .05 versus subgroup with low flow profile . Values presented a,- c
number of patients or mean value ± SD . High flow profile subgroup = patients
with well defined filling and emptying velocity waves with visible fibrillatory
contractions of the appendage wall ; low flow profile subgroup = patients with
irregular. very low peak filling and emptying velocities (<25 cm/s) and almost
no detectable -,ppendage contractions .
SO cm/s. These rapid flow patterns were associated with
contraction and relaxation of the appendage, with a >4070
area change . These values are in good agreement with those
published previously (27,32-35) . In 39 patients with sinus
rhythm, Pollick and Taylor (27) reported an appendage
ejection fraction (percent area change) of 55%, with an
average peak emptying velocity of 48 cm/s . In 51 patients
with sinus rhythin, Pozzoli et al. (32) observed appendage
peak filling and emptying velocities of -42 and 49 cm/s,
respectively. Lower appendage velocities have been re-
ported by Garcia-Fernandez et al . (33), with filling and
emptying peak velocities of -28 and 31 cm/s, respectively . A
careful analysis of appendage flow patterns in healthy sub-
jects was recently published by Kortz et al . (34) . In most
patients with sinus rhythm, they observed a quadriphasic
pattern consisting of two emptying flow waves, each fol-
lowed by a filling flow wave . The maximal flow waves
occurred just before and after the QRS complex, with a
mean peak emptying velocity of 64 cm/s and a mean peak
filling velocity of 46 cm/s . The additional emptying and filling
Comparison of Two Subgroups with 7
Appendage Flow Pattern
--ent Left Atrial
Low Flow
Profile
Subgroup
1,:.h Cl
.
.-w
Profile
Subgroup
(n 10) (n 19)
Age (y) 64.4 7.9 64.2 10.3
Male/female 8/2 16/3
Atria] fibrillation
Acute 0 4
Paroxysmal 0 4
Chronic 10 11
Current anticoagulant therapy
Warfarin 2 2
Aspirin 5 4
Potential cardiogenic embolism 6
1 *
Ischernic stroke 4 1
Peripheral arterial embolism 2 0
Trimithoracic echocardiography
Left atrial diameter (mm) 50 .5 ± 4 .9 45 .5 ± 9 .2
Transesophageal echocardiography
Horizontal view of left atrial appendage
Maximal area (cm =) 7 .7 ± 4 .2 7 .0 ± 2 .5
Ejection fraction (% .) 9 .3 ± 5 .2 16.8 ± 9 .1*
Peak filling velocity (cm/s) 15 .9 ± 2 .0 36 .9 ± 13 .1*
Peak emptying velocity (cinis) 1&5 ± 4 .2 35 .5 15 .7*
Vertical view of left atrial appendage
Maximal area (cm`) 5 .8 t 2 .4 4 .8 1 .3
Ejection fraction (^n) 10 .4 ± 6 .5 19 .8 10.0*
Peak filling velocity (cm/s) 17 .4 ± 12 38.3 14 .2*
Peak empyting velocity (cmis) 16 .4 ± 5 .1 37.1 14.1*
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Figure 6. Comparison of the left atria] appendage (LAA) peak filling
velocity (measured in the vertical plane) and the percent area change
of the left atrial appendage during a cardiac cycle (measured in the
vertical plane) among 29 patients in sinus rhythm
(SR), I I in atrial
fibrillation due to severe mitral stenosis (MS) and patients with
nonrheumatic atrial fibrillation . The patients with nonrheumatic
atrial fibrillation were subdivided into 19 patients with a high flow
profile (High) and 10 with a low flow profile (Low) of the left atrial
appendage function (see text) .
flow waves showed lower velocities, and their presence was
dependent on the heart rate
. Because of the lower velocity
range, these additional flow waves were not analyzed in the
present study .
In the present study, transesophageal echocardiography
revealed a thrombus confined to the left atrial appendage in
one patient with sinus rhythm (Fig . 7)
. This patient had
experienced a previous ischemic stroke . Clinical and
echocardiographic examinations showed no other morpho-
logic cardiac abnormalities
. A left atrial appendage thrombus
formation in "healthy" subjects is a rare but previously
described phenomenon (28) . The appendage flow patterns in
this patient were reduced
. This reduction in appendage
function may be secondary to the large thrombus almost
completely filling the appendage pouch
; however, it is more
likely to assume that an abnormal appendage function was
the pathophysiologic basis for thrombus formation
. We do
not know the reason for this abnormal appendage function
;
several factors may be involved, including previous, clini-
cally unrecognized atrial fibrillation
.
Rheumatic atrial fibrillation . In contrast to patients with
sinus rhythm, patients with chronic atrial fibrillation due to
significant mitral valve stenosis (group II) showed a different
appendage function . First, the maximal appendage size was
Patients
Spontaneous echo contrast
Left atrial appendage thrombus
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Figure 7
. Transesophageal echocardiogram demonstrating a throm-
bus confined to the left atrial appendage in a patient with sinus
rhythm
. Color-coded Doppler echocardiogram displays significant
flow around the thrombotic material, LA = left atrium
.
increased . Second, the appendage ejection fraction was
almost negligible (at least when measured in the vertical
image plane) . Third, the filling and emptying velocities
measured at the outlet of the left atrial appendage were
greatly reduced
. Thus, the left atrial appendage in rheumatic
atrial fibrillation behaves as an enlarged static pouch, which
may predispose to blood stasis and subsequent thrombosis .
These reduced appendage flow patterns were associated
with a spontaneous echo contrast phenomenon in almost all
patients, which is widely accepted as an indicator for throm-
bus formation and thromboembolic complications (17-21) .
This phenomenon that the left atrial appendage may behave
as a static pouch with lacking contractions and negligible
filling velocities in a subgroup of patients with atrial fibrilla-
tion was first reported by Pollick and Taylor (27) and was
recently confirmed by Garcia-Fernandez et al . (33) and
Pozzoli et al . (32) . In contrast to the present study, the
previous studies included only a few patients with nonrheu-
matic atrial fibrillation and did not analyze the data sepa-
rately for patients with rheumatic and nonrheumatic atrial
fibrillation .
Nonrheumatic atria[ fibrillation
. In the 29 patients with
nonrheumatic atrial fibrillation, two different left atrial ap-
Table 4. Incidence of the Spontaneous Echo Contrast Phenomenon and Thrombus Formation Among Patients With Nonrheumatic
(Group 1) and Rheumatic (Group 11) Atrial Fibrillation and Sinus Rhythm (Group 111)
Group If
12
If (92)
4 (33)t
Group III
30
0 (0)
1 (3)
*p < 0 .05 versus Group 1, high flow profile subgroup . tone patient with additional left atrial thrombus
. Values presented are number (%) of patiems . Groups
and subgroups as defined in Tables I and 3 .
High Flow Profile
Low Flow Profile
19 10
1 (5) 8 TV
0(0)
3 (30)
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pendage flow profiles were observed . The patients had either
well defined filling and emptying velocity waves with visible
fibrillatory contractions of the appendage wall (high flow
profile subgroup; n = 19) or irregular, very low peak filling
and emptying al:cities
(<25 cm/cl associated with almost
no detectable appendage contractions (low flow profile sub-
group; n = 10)
. The appendage peak flow velocities of the
first subgroup resemble those seen in patients with sinus
rhythm. The appendage patterns of the latter subgroup
resemble more the static pouch seen in patients with rheu-
matic atrial fibrillation (Fig. 6). The flow velocity of 25 cm/s
was an arbitrary cutoff point to separate both subgroups, and
this value has to be validated in further prospective studies .
The low flow profile subgroup was significantly associated
with direct or indirect evidence of thromboembolic compli-
cations. Six of seven events suggestive of cardiogenic em-
bolism had occurred in the subgroup identified as low flow
profile (p < 0.05). The spontaneous echo contrast phenom-
enon was seen in 80% of the patients with the low flow
profile but in only 5% of the patients with a high flow profile
(p < 0.05). Furthermore, thrombi confined to the appendage
were seen in three patients, all in the low flow profile
subgroup.
The pathophysiologic mechanisms underlying the differ-
ent appendage flow patterns in nonrheumatic atria[ fibrilla-
tion are unknown . Differences in the left atrial and left atrial
appendage size may account for the different flow velocities,
because both the left atrium and the left atrial appendage
tended to be larger in patients of the low flow profile
subgroup (Table 3') . The trend for increased size and the
different appendage flow pattern may he related to the
duration of atrial fibrillation . Several transthoracic echocar-
diographic follow-up studies (36,37) noted an increase in left
atrial diameter over time in patients with nonrheumatic aerial
fibrillation . The eight patients with either paroxysmal atrial
fibrillation or acute onset of atrial fibrillation were from the
high flow profile subgroup, whereas all patients from the low
f ow profile subgroup had chronic atrial fibrillation . Thus,
there may be a natural "transition" of atria[ fibrillation,
which initially is a coarse type of atrial fibrillation associated
with reduced but still measurable appendage function, evolv-
ing to a fine type of atrial fibrillation with a static pouch type
of the left atrial appendage . One might further speculate that
the time frame for this hypothetic transition is dependent on
the underlying cardiac disease, with a slow progression in
patients with lone or paroxysmal atrial fibrillation and a more
rapid course in patients with nonrheumatic atrial fibrillation
of other etiologies . This may explain why younger patients
with lone atrial fibrillation or paroxysmal atrial fibrillation
have a low incidence of thromboembolic complications,
whereas patients with other etiologies of nonrheumatic atrial
fibrillation have incidence rates close to those seen in
patients with rheumatic atrial fibrillation (7-9,38,39) . How-
ever, these pathophysiologic mechanisms will have to be
elucidated by future studies .
Horizontal versus vortical transesophageal echocardio-
graphic view. This is the first report that systematically
measured appendage function variables in both the horizon-
tal and the vertical transesophageal image planes . In our
experience, the vertical view was more helpful than the
horizontal view for measuring appendage variables . Al-
though the left atrial appendage could be visualized in all
patients with both echocardiographic views, the measure-
ment of the appendage area and peak flow velocities
throughout the cardiac cycle succeeded in almost all (69
[97%] of 7l) patients in the vertical view but in only 56(79%®)
of 71 patients in the horizontal view . This reduced utility of
the horizontal view is due to a rotation of the appendage
cavity out of the scan plane during the cardiac cycle . In
patients in whom the left atrial appendage could be visual-
ized in both scan views, the measurements of the appendage
ejection fraction as well as peak filling and emptying veloc-
ities gave comparable results for the horizontal and vertical
views .
Conclusions. Patients with nonrheumatic atrial fibril-
lation show two distinct left atrial appendage flow pat-
terns: either well defined peak filling and emptying waves
(=25 cm/s) with visible fibrillatory contractions of the ap-
pendage wall (high flow profile) or irregular, very low, peak
filling and emptying waves (<25 cm/s) associated with al-
most no detectable appendage contractions (low flow pro-
file) . The appendage peak flow velocities of the first sub-
group resemble those seen in patients with sinus rhythm,
whereas those of the latter subgroup resemble more the
static pouch seen in patients with rheumatic atrial fibrilla-
tion . It is speculated that the low flow profile type of the left
atrial appendage function in patients with nonrheumatic
atrial fibrillation represents a transition from the high flow
profile type over time . These variables determined by trans-
esophageal echocardiography may be helpful to identify
subgroups of patients with nonrheumatic atrial fibrillation
with an increased risk of thrombus formation and thrombo-
embolic complications .
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